Plant biologists in California have longrecognized the important effects of fire on the state's vegetation and flora (e.g., Brandegee 1891), and will appreciate a book covering this topic. We are, however, only one of the audiences for this new book. Interest in fire has proliferated across disciplines, and in policy and management arenas. It is difficult to capture a topic as multidisciplinary and complex as fire in California ecosystems and the management issues it creates, even in a large book such as this. Yet the book does aim to be a complete reference on these subjects. The authors and editors are to be commended for putting together a large volume of information in pursuit of an ambitious goal, and producing an attractive, well-illustrated textbook. This book has many voices: five editor/authors and 45 total authors. Most (24) are from large land management agencies, primarily the U.S. Forest Service. The book is dedicated to Harold Biswell, best known for his devotion to managing wildlands using fire.
Fire in California's Ecosystems is divided into three sections. The first is an introduction to fire ecology. The second describes fire history and ecology in nine bioregions in California. The third section is about fire management. The book includes a short glossary. (This glossary does not include some undefined terms used in the book that are technical [e.g., pyrolysis], or potentially ambiguous [wildland-urban interface] .) There is also a useful appendix with an explanation of plant alliances and species characterizing California's bioregions. Special topics are included as short, but interesting sidebars throughout the book. Below, I critically evaluate material from each section most relevant to plant biology for completeness, accuracy and consistency.
Section I: Introduction to Fire Ecology-There are chapters on fire as a physical process, how fire is affected by weather and climate, and how soil, water, air, plants, and animals are affected by fire. These chapters provide the reader with a primer on fire behavior and ecology. Chapters vary in their level of detail, with the one on fire and animal interactions being longest. The chapter on fire as a physical process is an informative summary of an often poorly understood topic. For example, it is often presumed that fire spread is governed by fuel load, but this chapter explains how rate of fire spread and fuel load tend to be inversely correlated because fuel and biomass are heat sinks and can decrease wind. The subject of fire behavior could have been more detailed, however, to allow better explanation of some concepts, for example that ladder fuels ''allow'' a fire to reach the canopy of a forest. If overstory tree crowns are sufficiently heated from below (a function of windspeed and interrelated surface fire intensity) they can easily bridge a considerable fuel gap and burst into flame. This is not clear, and the reader may conclude incorrectly from the description of canopy fuels that fire must climb a hypothetical ladder to effect crown fire. There is also ambiguity about foliage density needed to propagate fire vertically (which will depend on its chemical energy) and whether shrubs are ladders (apparently no in Section I and yes in Section III). Thus, it is not clear what constitutes a ''ladder'' fuel. In addition, crown fire requirements are supposed to be modeled based on live foliage, not other canopy biomass, an important distinction (Cruz et al. 2004 ) that is not conveyed. To explain crown fire initiation, the first phase of combustion, preheating and the thermal degradation (pyrolysis) of solid fuel to the gaseous phase, could have been examined more with respect to chemical properties and energy content of foliage that support ready ignition of tree and shrub crowns exposed to heat (e.g., waxes, oils, and volatiles that vaporize at low temperatures).
I was surprised to read in the first section that the editors do not recognize fire as an ecological disturbance. The ecological literature defines any event that causes sudden mortality or a reduction in biomass, as well as an increase in resource availability, as a disturbance. Fire is a classic natural disturbance. The basis for understanding vegetation change and secondary succession is the character of disturbances, and the legacies left behind, such as surviving organisms, seeds, spores, soil, dead trees, logs, and other biomass (White and Jentsch 2001) . Natural disturbances are vital to biodiversity (Petraitis et al. 1989) , and their effects in disrupting equilibrium and competitive exclusion and in creating spatial and temporal environmental heterogeneity, are key for understanding the complexity of nature. In addition, a key for understanding when degradation of natural systems will occur is the occurrence of novel or compounded disturbances (Paine et al. 1998) . By describing fire as distinct from disturbance, the reader may be directed REVIEWS MADROÑ O, Vol. 54, No. 4, pp. 354-365, 2007 away from one of the most important, extensively studied topics in ecology that provides a foundation to understand the effects of both fire and fire management disturbances.
Additional problems in the introductory section include a table on plant adaptations that appears to indicate that Ceanothus megacarpus is serotinous, an extreme fire-specialization where seeds are stored in fruiting structures that open to release them after being heated by fire. This would be quite significant if true because only gymnosperms are serotinous in the Northern Hemisphere. The introductory section also mentions that serotiny occurs in lodgepole pine in California. However, this applies only to the subspecies of lodgepole found in the Rocky Mountains, unless there has been a new discovery (no citation is given). Chamise chaparral is used as an example of a community with very low post-fire plant diversity, but this is an especially poor choice because chaparral dominated by chamise can be very diverse after fire, as described in Section II. Similarly, a section on spatial patterns of fire severity uses chamise chaparral as an example of where fire severity will be homogeneous, but this chaparral has been found to have pronounced local gradients and spatial complexity in fire effects as described elsewhere in Section I. However, the strong patterns are not caused by dead branches on the ground as described, but the collapse of live shrub crowns during fire. Finally, a sidebar describes fire in southern California chaparral as a strongly age-dependent process, but does not refer to literature presented in Section II illustrating that fires have instead been found to sweep through young and old stands with similar probability. As with other cases where the book presents conflicting information in different sections, there is not an attempt to reconcile or cross reference competing treatments so that the reader may be aware of them.
Section II: The History and Ecology of Fire in California's Bioregions-There are separate chapters on each of the nine bioregions into which California is divided. These chapters provide nice summaries on the climate and geography of the bioregions. There are also overviews on the historic occurrence of fire, separated into presettlement (prehistoric), post-settlement (historic), and current time periods. This illustrates how fire regimes have changed continuously in the past due to climatic and cultural influences. Interactions between fire regime and plant communities are described separately for ecological zones within each bioregion. Plant biologists in particular will want to refer to the informative appendix listing plant alliances and species characterizing ecological zones within each bioregion. In some chapters, there are sections on fire-specialized vegetation, such as serotinous pines, which are particularly interesting. Each bioregional chapter concludes with a section on management issues. Management is also addressed in most of Section III. It would have been more efficient to locate all the management text together there. This would have helped reduce inconsistencies described below, and allowed for more complete coverage of other topics by bioregion.
To help compare completeness of regional treatments, I charted the number of primary and other literature citations in each chapter in Section II (Fig. 1) . The large disparity in citations in part reflects differences in the amount of research conducted in different regions. For example, comparatively little research on fire has been done in the Mojave and Sonoran Desert regions of California, where fire was very rare prior to the recent spread of exotic grasses. In the South and Central Coast bioregions, there has been relatively little fire history work to cite. Conversely, numerous studies on fire history are cited in chapters on forested bioregions. These chapters could have been more complete by discussing and citing more ecological literature. Interesting research could have been cited in many of these chapters on subjects such as the reproduction of non-serotinous conifers following crown fires and survival of seeds in their cones, postfire growth and dynamics of these conifers and how this can be facilitated by mycorrhizal fungi shared with Arctostaphylos and Arbutus, fire severity patterns in conifer forests, and fire and forest disease and insect interactions. In addition, there are non-forest vegetation types that are widespread, but not mentioned in some bioregions, such as chaparral in the North Coast bioregion. This is being replaced by Douglas-fir in the absence of fire. This is a key biodiversity concern on National Park lands.
Also omitted is any explanation or citation of literature on the limitations of fire scar methods for describing fire regimes. Existing literature describes how opportunistic sampling and data aggregation, can significantly underestimate the spatial and temporal variability in fire that occurred across landscapes in recent centuries. This subject is noted in the climate and weather chapter in Section I, which explains how a fundamental property of all fire regimes is that large fires account for the majority of cumulative area burned, but fire scars provide mainly a record of fires in the past that spread very little before going out. This is not only a problem for estimating past fire size, but also behavior, because large fires often burn under conditions ranging from extreme to very mild. The omission of key literature for understanding past fire regimes in California is not consistent with the intent of the book to be a complete reference.
Section III: Fire Management Issues in California-There are 8 chapters addressing topics ranging from Native American fire use, to current fire management, and effects of fire on air resources. There are also chapters on fire and exotic and at-risk species. Much interesting information is summarized. However, there are also notable omissions, and areas of inconsistency with other portions of the book. Most of these are in the chapter on current fire and fuel management. This subject has important implications for vegetation and flora, and thus will be the focus here.
In contrast with earlier portions of the book describing wildfire as a vital ecosystem process, it is viewed mainly as a destructive agent in the assessment of current management. Given the history of homes burning in wildfires in California, it is understandable for managers to view fire in this light. However, the loss of homes in California can also be recognized as a planning problem (Halsey 2005) , and a particularly relevant omission in a book covering fire management issues in California is the literature on the cause of home ignitions during wildfires and how to prevent them. This subject is not as intuitive as it may seem. As described in a number of publications by structure ignition specialist, Jack Cohen, who has investigated the cause of home loss associated with wildfires throughout the western United States, these ignitions can occur during low intensity ground fires, without the vegetation adjacent to the home burning, and well inside the perimeter of communities, not just at the urban interface. A primary cause of ignitions is long-distance embers. Even where wildfire extent has already been reduced to historic lows by fire suppression, home ignitions are increasing. Wildlands will continue to burn and produce long-distance embers regardless of management. The only way home ignitions can be effectively eliminated is by treating the home and its immediate surroundings (Cohen 2000) . This is an important lesson that managers and policy makers still fail to grasp, which the book could have addressed. An unfortunate consequence of current management approaches that continue to look to fire prevention in wildlands to protect homes has been complacency about fire planning and incentive for more unsafe development in fire prone ecosystems (Kennedy 2006) . The pressure for such development and the need to justify enormous fire prevention expenditures in turn creates incentives to promote the viability of fire prevention approaches in wildlands. Fire behavior may then tend to be viewed too much as a function of management, especially effects of fire prevention, instead of climate, weather and topography. In chaparral, assumptions that fire is preventable and not largely weather-driven are especially unrealistic, as described in Section II but not in the management section. The treatment of current fire management issues does not take a hard look at the potential effectiveness of treatments in wildlands, nor explain the need to make the specific actions that will prevent home ignition, the first and foremost management priority.
Ironically, the justification presented for continuing to invest limited resources heavily in fire prevention approaches in wildlands is that this is needed to combat uncharacteristically large and severe fires caused by the effects of… fire prevention. However, where most of the state's largest fires are occurring, in southern California chaparral, fire prevention has not been successful. Instead, the opposite situation, more frequent fire, has been occurring. This is due largely to human ignitions and grass invasion, as explained in Section II. Moreover, large fires have always characterized this vegetation, and the probability of these has not changed. Conversely, where fire has been prevented, in forested regions, as described in Section II, this has not lead to an increasing trend in wildfire activity (Fig. 2) . Section II explains how current rates of burning are a fraction of those in the past, when fires were not only frequent, but also included a range of severity. In addition, chaparral has been replaced by forests, which support much less crown fire. Thus, both amounts of fire and area affected by high severity fire appear to have been decreased overall where fire prevention has been effective. Where fire severity has been increased, this may be traced to the effects of silvicutural activities (Weatherspoon and Skinner 1995) .
The chapter on current management, in explaining the case for large investments in wildlands treatments to combat an emergency due to effects of fire prevention, equates fuel with biomass. As defined in the glossary and Chapter I, however, fuel is specifically the biomass that feeds combustion. Forest biomass increases as trees grow, but commonly stabilizes. So do the fuels that influence fire behavior: ground, and especially foliar fuel. Equilibrium fuel depths in California forest floors were previously described in California forests by renowned soil scientist Hans Jenny and others at Berkeley (e.g., Kittredge 1955) . Although the chapter on current management says that fuel is accumulating ''far beyond natural levels,'' a sidebar presents conflicting data showing surface fuel approaching, after only 10 yr following fire, levels that occurred with over a century of fire exclusion. In terms of foliage amounts, ecophysiological literature describes how a proxy for this, leaf area, also reaches a maximum in forests early in succession. Fire severity can also decrease with increasing biomass as forests replace chaparral, as they have in many areas. While biomass today may exceed ''natural'' levels the potential for vegetation to burn has always been high. What is clearly different today are extensive urban and intermix fuels prone to ignition.
Emergency fire management that is based on ''preventing fire and reducing its effects'' by treating biomass in wildlands, the focus of the management chapter, can be counter to safety and restoration needs. Investing heavily in fire prevention and extensive treatments in wildlands can divert limited resources and attention away from the highest safety priority, the home ignition zone. The massive expenditures for fire prevention efforts and incentives to continue them and promote their effectiveness can indirectly subsidize poor planning that undermines safety (Kennedy 2006) . Where restoration is needed due to lack of fire, preventing fire increases the problems created by fire prevention. Thinning or other partial harvesting and mastication places biomass on the ground, where it is converted to fuel, increasing potential fire effects. The resulting increased solar radiation and decreased wind resistance due to tree removal can promote more rapid spread and intensity of wildfires, as described in Section I. Although these mechanical treatments and grazing are referred to as restoration in the chapter on current management, they do not have the unique effects of fire described in Sections I and II that are needed for restoration. The treatments have the additional drawback of introducing novel and compounded disturbances and exotic species. However, while fire itself is needed for restoration in many areas, the recommendation to expand prescribed burning programs in chaparral is not a logical response to a problem of excess fire and could work against restoration by causing further grass invasion. Grazing treatments in chaparral and desert regions may also increase non-native grasses that cause excess fire there.
Where fire has been excluded, only treatments involving fire can be effective at both reducing available fuel and restoring fire. However, due to safety and air quality concerns, as described in Section III, prescribed burning is far too limited in extent to return past amounts of fire. Moreover, even prescribed fire may not effectively reduce fuel or replicate past fire if too subdued, small in area, or if done during the off-season, when effects on fuel, soils, breeding species and exotics may be undesirable. Where thinning or mastication slash is burned, effects on soils and atmospheric emissions can be increased. Ironically, the large fires that are considered disasters from a management perspective avoid these concerns and accomplish most fuel reduction and ecological restoration where fire is needed. However, if fire and its beneficial effects are to be truly accomodated and restored where they have been excluded, a strategy that prioritizes specific actions required to prevent home ignitions is needed.
Although a considerable part of the book is devoted to management issues, there are a number that are overlooked in Section III. An assessment of the practice of ''salvage logging,'' perhaps the most controversial fire management practice today, is a particularly noteworthy omission, especially considering recent literature on the subject. Although managers cite restoration and fuel reduction goals in promoting this treatment, large quantities of biomass are relocated to the ground and converted to fuel, and reproduction by conifers and other species is inhibited. There are also concerns over the need to protect rather than cut burned forest habitat, which supports unique species assemblages and vegetation renewal processes. This habitat has become rare with fire exclusion. The effects of a controversial management practice, post-fire seeding, are nicely described in a separate sidebar in the chapter on fire and aquatic and watershed resources. This example could have been followed in describing collateral damage from commercial logging and grazing treatments done in the name of fire managment.
CONCLUSIONS
The topic of fire in California ecosystems is complex and multidisciplinary, and very difficult to encompass in one book. Fire in California's Ecosystems summarizes well much of the relevant literature. However, there are important topics that are omitted or not adequately addressed with up-to-date perspectives. Other literature can fill these gaps. Bond and van Wilgen's 1996 short classic, Fire and Plants, better addresses fire as an ecological and evolutionary force and recognize it as a natural disturbance process. These are important perspectives for understanding fire, particularly as it affects plant biology and biodiversity. Perspectives that do not shy away from critically analyzing existing land management and planning, and that more broadly consider solutions to today's wildfire problems are also important to consider. In addition to the aforementioned books by Halsey (2005) and Kennedy (2006) , a good accompaniment to Fire in California's Ecosystems is the recently published book Wildfire: a Century of Failed Forest Policy, edited by Wuerthner (2006) . As these books point out, incentives created by huge fire budgets and commercial activities discourage pursuit of specific actions needed for protecting human communities from fire and restoring fire regimes in plant communities. These are particularly important needs in California.
